
Challenges in plain film radiographic 
diagnosis for the dental team
As more cross-sectional imaging is undertaken in primary and 
secondary care, Manas Dave,1 Amanda Loughlin,2 Edward Walker3 
and Jonathan Davies4 examine the common pathological conditions 
of the maxillary sinus that can be visualised on dental imaging.

Abstract
The maxillary sinus is the largest of the paranasal sinuses, with its 
structure and contents commonly visualised on dental radiographs. 
Dental practitioners are required to evaluate the entire radiograph, 
and it is likely there is limited exposure to maxillary sinus pathoses 
and radiological interpretation in the undergraduate curriculum 
and routine continuing professional development courses. This 
review covers radiological features of common benign and 
malignant sinus disease. Identification of normal anatomical 
features, common variations and pathoses can facilitate holistic 
patient management and potentially early detection of neoplastic 
disease.

Introduction
There are paired air-filled cavities in the skull: frontal, 
ethmoidal, maxillary and sphenoidal sinuses, collectively 
termed the paranasal sinuses. These are collectively termed 
the paranasal sinuses. The largest are the maxillary sinuses 
which are pyramidal in shape and arguably the most important 
sinuses for dental professionals.

The maxillary sinus (synonymous with the terms 
maxillary antrum and antrum of Highmore)1 is lined with 
respiratory epithelium – pseudostratified ciliated columnar 
epithelium with mucus-secreting goblet cells which 
forms the Schneiderian membrane (it is of note that the 
Schneiderian membrane covers the nasal mucosa and 
paranasal sinuses, but will be referred to as the maxillary 
sinus membrane hereafter to specifically refer to its 

anatomical site). Mucus is transported through the contractile motion 
of ciliated cells towards the opening of the sinus, termed the ostium. 
The ostium of the maxillary sinus drains into the middle meatus of the 
nasal cavity. The anatomical composition of this drainage pathway is 
complex and the components are collectively termed the ostiomeatal 
unit (Fig. 1).2

While the maxillary sinus appears pyramidal in shape, its anatomy 
is best visualised as a three-dimensional rhomboid – the base as 
the maxillary palate and alveolar process, roof as the floor of the 
orbit, medial surface as the lateral wall of the nasal cavity, and 
lateral/anterior surface as the wall between the cheek forming the 
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facial surface of the maxilla. The posterior 
wall of the sinus creates a barrier with the 
infratemporal and pterygopalatine fossae.

The Ionising Radiation (Medical Exposure) 
Regulations (2017) state that employers 
must have procedures for ‘carrying out and 
recording an evaluation for each exposure’, 
with evaluation defined as interpretation of 
the information resulting from an exposure.3 
For the majority of dentists in general practice, 
this is likely to be the same individual who 
prescribes, undertakes and then reports on 
the radiograph. The maxillary sinus can often 
be visualised on dental radiographs and it is 
common to see radiological signs of antral 
pathoses. Normal anatomical variations and 
pathoses of the maxillary sinuses were one of 
the most common diagnoses made by dental 
maxillofacial radiologists as a result of referrals 
primarily from general dental practitioners 
(GDPs).4

The anatomy, its variations and common 
pathoses are unlikely to be covered in detail 
in the undergraduate curriculum or in 
continuing professional development courses. 
Therefore, the aim of this paper is to review 
radiological features of common variations 
and pathoses of the maxillary sinus.

Normal anatomy
Intra-oral radiographs can visualise the inferior 
aspect of the maxillary sinus, while dental 
panoramic tomography (DPT – synonymous 
with orthopantomogram [OPG or OPT]) can 
show a large proportion of the sinus. The roots 
of maxillary posterior teeth may appear to be 
extending into the sinus (Fig. 2a); however, it is 
important to remember that plain film dental 
radiography is two-dimensional and the roots 
may simply be superimposed over the sinus (as 
demonstrated in a cross-sectional image in Fig. 
2b). The floor/inferior border of the maxillary 
sinus can be traced as a thin corticated outline 
(Fig. 3), which should appear well-defined 
and intact. As the healthy sinus contains air, its 
appearance should be radiolucent compared to 
surrounding trabecular bone.

Anatomical variations relevant to 
dentistry
The maxillary sinus can be partially or 
completely divided into recesses by barriers of 
cortical bone emerging from the lateral walls 
known as septa (synonymous with Underwood’s 
septa).5 These are common anatomical 
variations with studies showing 22–31% of the 
population having one or multiple septa within 
one or both maxillary sinuses.6,7 The maxillary 
sinus membrane is a mucoperiosteal membrane 
that adheres not only to the walls of the sinus 
but also to the septae. These bony barriers can be 

Challenges in plain film radiographic 
diagnosis for the dental team

Fig. 1 Labelled cone beam computed tomography (CBCT) coronal slice demonstrating the 
relationship of the maxillary sinus to the nasal cavity and other surrounding structures

Fig. 2  a) Left sectional DPT appears to show the roots of 26 extending into the left maxillary antrum. 
b) Coronal slice of the subsequent CBCT examination demonstrates that the appearance on the 
DPT is due to superimposition, as opposed to direct extension of the roots into the antrum

Fig. 3  The intact maxillary sinus floor appears as a well-defined, uninterrupted radiopaque line 
(identified bilaterally by white arrows) on the panoramic radiograph. The adjacent healthy 
maxillary sinuses are radiolucent due to their air content
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normal anatomy is important.12 The maxillary 
sinus develops embryologically and continues 
to grow until around eight years of age. 
Developmental conditions (such as Down 
syndrome and craniosynostosis), infections, 
irradiation or trauma can arrest sinus 
development to varying degrees.13

An infectious process can initiate metaplasia 
of the maxillary sinus membrane from a 
respiratory epithelium towards a squamous 
epithelium and lead to maxillary sinus 
hyperplasia.14 Other causes of maxillary sinus 
lining hyperplasia include trauma, neoplastic 
disease, dental disease and allergic rhinitis.15 
Both hypoplasia and hyperplasia of the 
maxillary sinus are commonly asymptomatic 
incidental findings and themselves usually 
require no treatment.

Pneumatisation is a physiological process 
that affects all paranasal sinuses. It refers to 
the increase in size and volume of the air 
space and is commonly observed following 
extraction of a tooth in the posterior maxilla.16 
The exact mechanism is contested; however, 
it is likely a combination of maxillary sinus 
expansion and loss of vertical dimension 
of the edentulous ridge.17 Pneumatisation 
between adjacent teeth is often seen and can 
increase the risk of oral antral communication 
(OAC). An OAC is a direct channel between 
the oral cavity and maxillary sinus (Fig. 4), 
with food, fluid and air being transferred 
between both cavities. An oral antral fistula 
(OAF) develops when this channel becomes 
lined by epithelium. At this stage, the channel 
cannot undergo repair with granulation 

visualised on DPTs; however, their orientation 
is poorly identified, hence clinicians performing 
sinus surgery or access through the lateral sinus 
wall should consider three-dimensional imaging 
of septa in the region of the surgical site.6,8 
Clinical implications of septa include visual 
obstruction during surgery, increased difficulty 
of luxating the maxillary sinus membrane 
during sinus floor elevation, and subsequent risk 
of perforation.9,10,11 There is also the possibility 

for misinterpretation of septa as the wall of a 
cyst. If clinicians suspect a pathological change, 
it is important to ensure the entirety of the lesion 
is visualised to allow for distinction between 
anatomical variations and true pathosis.

Hypoplasia of the paranasal sinuses is 
an uncommon finding with a reported 
incidence of 1.73–10.4% in patients with 
sinus symptoms. It can be mistaken for other 
pathoses so its recognition as a variant of 

of the lesion is visualised to allow 

‘It is important to ensure the entirety 

variations and true pathosis’

for distinction between anatomical 

Fig. 4  Coronal CBCT slice demonstrating the presence of an oro-antral communication following 
extraction of 26. The left maxillary sinus is opacified due to inflammatory mucosal thickening, 
secretions, passage of fluid from the oral cavity, or a combination of these

Fig. 5  Partial opacification of the left maxillary sinus. The normal radiolucent appearance is lost 
due to reduction in the volume of air within the sinus

Fig. 6  The relative radiopacity of the maxillary 
sinus is artefactual due to superimposition of 
the left zygomatic process of the maxilla and 
zygoma (traced by the red interrupted lines 
and the zygomatic buttress is outlined by the 
white interrupted lines)
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tissue so there is no maturation of tissue to 
form bone. The epithelial tract in the OAF 
needs to be excised to allow healing to occur. 
Aside from discomfort, the channel also 
results in microbial contamination and can 
lead to inflammation of the maxillary sinus, 
plus symptoms of pain, maxillary toothache, 
congestion and postnasal drip.18

Exostoses are outgrowths of cortical and 
cancellous bone, similar to those present 
intra-orally as maxillary and mandibular tori. 
They characteristically attach to the maxillary 
sinus wall with free margins in all other 
dimensions; nevertheless, are uncommon 
with a reported prevalence of 0.9–4.8% and 
do not require treatment.19,20

Opacification
Sinus opacification is a term used to describe 
complete opacification of the maxillary 
sinus either unilaterally or bilaterally (Fig. 
5). The complete radiodense appearance of 
the sinuses can be caused by a number of 
conditions displacing air out of the sinus, 
including inflammatory disease, fungal 
sinusitis, mucoceles, mucous retention 
cysts and benign neoplastic disease such as 
an inverted papilloma (the most common 
benign neoplasm of the paranasal sinuses).21 
Superimposition of anatomical structures on 
rotated panoramic radiographs can lead to 
the artefactual appearance of maxillary sinus 
opacification (Figures 6 and 7). Clinicians need 
to carefully examine the radiograph and ensure 
the appearance is due to disease rather than 
positioning errors.

It is of note that malignant neoplastic 
disease, while uncommon, can also manifest 
as maxillary sinus opacification; features of 
which are discussed later in this article.22 As 
not all DPT radiographs will visualise the 
roof of the maxillary sinus, total opacification 
(once dental causes have been ruled out) does 
require referral for appropriate management 
that may include further cross-sectional 
imaging to visualise the entire lesion and 
referral to an ENT (otorhinolaryngology) 
specialist.

Antroliths
Calcification of mineral salts around a nidus 
within the maxillary sinus can lead to the 
formation of an antrolith. The nidus can be 
exogenous (foreign body) or endogenous 
(mucus, clot, fungal mass) in origin. The 
continual action of the cilia in the sinus 
epithelium prevents stagnation of salts; 
however, this mechanism can be disrupted by 
an inflammatory process.23 Radiographically, 
the appearance of an antrolith is that of a 
concentrated area of radiodensity (Fig. 8), with 

Fig. 7  The superimposition of the inferior nasal concha on this dental panoramic radiograph has 
resulted in an artefactual radiopaque appearance of the maxillary sinus. The left nasal piercing is 
projected superior to the upper left incisors

Fig. 8  The left maxillary sinus contains small radiodense material consistent with the appearance 
of an antrolith (white arrows). Image courtesy of Dr Jackie Brown

Fig. 9  Intra-oral periapical radiograph demonstrating periapical pathosis associated with 
the palatal root of 26 (white arrows). When compared to air within the oral cavity, this has a 
radiopaque appearance. It is relatively isodense to the contents of the maxillary sinus, suggesting 
mucosal thickening of the adjacent maxillary sinus lining
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symptoms variable depending on size. Small 
antroliths are seldom likely to cause symptoms; 
however, as further calcification takes places, 
it can manifest symptoms of sinusitis, epistaxis 
and congestion.16 They are uncommonly 
seen on two-dimensional imaging and most 
commonly occur unilaterally.24 It is important 
to differentiate them from neoplastic disease, 
which may grow to a substantial size before 
symptoms arise.25 It is of note that calcified 
masses developing in the nose are distinct and 
termed rhinoliths.

Foreign bodies
Foreign bodies in the sinus can often be 
detected on DPT or lateral cephalometric 
radiographs where the majority of the sinus 
can be visualised. Plastics and metals can 
often be clearly visualised due to their relative 
radiodensity; however, if they have been 
present for a considerable length of time, a 
local inflammatory (foreign body) reaction can 
result in granulation tissue deposition. This 
causes thickening of the sinus lining around the 
object, making detection and retrieval more 
challenging. Root apices displaced into the sinus 
can be difficult to clearly visualise, especially 
within the mucosal lining. These foreign 
bodies left in the sinus can lead to chronic 
inflammation, symptoms of sinusitis, and act 
as a nidus for calcium salts. It is important to 
refer the patient to ENT or oral surgery for 
localisation with further cross-sectional imaging 
and root retrieval with appropriate surgical 
intervention.

Odontogenic disease and the 
maxillary sinus
Dental pathoses such as periapical infections 
normally result in a radiolucency near the 
apices; however, when the roots of such 
affected teeth are superimposed over the air 
space of the maxillary sinus, the appearance is 
relatively radiopaque (Fig. 9). This is the result 
of inflammatory tissue and fluid being more 
radiodense than surrounding air in the sinus, 
projecting such a relative radiopacity.

Trabecular bone is porous and the cortex 
of the maxillary sinus is thin. Inflammatory 
exudate related to an odontogenic lesion 
within the alveolar bone can result in local 
inflammatory mucosal thickening of the 
maxillary sinus membrane. Progression of 
apical pathosis and development of expansile 
cystic lesions can result in bony remodelling 
and localised elevation of the cortical floor 
of the maxillary sinus (Fig. 10). Periodontal 
disease, trauma, pathological lesions of the 
maxilla and surgical complications such as 
implant surgery (Fig. 11) or overextended 
root canal obturations have also been shown 

Fig. 10  Localised elevation of the maxillary sinus floor (white arrows) in response to apical pathosis 
associated with the root-filled 26. Image courtesy of Dr Mohamed El-Belihy

Fig. 11  An example of maxillary sinus mucosal thickening of iatrogenic origin. The left maxillary 
sinus has lost its normal radiolucent appearance inferiorly, suggesting a degree of mucosal 
thickening around the displaced implant

Fig. 12  Partial opacification of the maxillary sinuses bilaterally. On the left, the appearance is 
suggestive of mucosal thickening, possibly in response to the apical pathosis associated with 
upper left second premolar. On the right, the absence of adjacent dental pathosis and the 
smooth, dome-shaped superior border of the area of radiodensity is more suggestive of a benign 
mucous retention cyst
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to cause inflammation of the membrane.26,27

Chronic infection can result in mucosal 
thickening of the floor of the sinus, which 
is observed as a pronounced uniform 
radiopacity, and can result in classic sinusitis 
symptoms or remain asymptomatic. 
Odontogenic factors have been reported 
to contribute to 12–40% of all cases of 
maxillary sinusitis.28,29 Other dental causes 
of maxillary sinusitis may include extruded 
root filling material, displaced roots of 
extracted teeth, implants which encroach 
on the maxillary sinus, displaced bone graft 
material, and other dental pathoses.

The floor of the maxillary sinus lies in 
close proximity to the apices of the maxillary 
premolars and molars. Benign lesions of 
odontogenic origin tend to displace the floor 
of the maxillary sinus in a superior direction, 
whereas benign lesions arising within the 
maxillary sinus have little effect on the floor 
of the maxillary sinus. If the lesion has an 
overlying cortical outline, this is likely an 
odontogenic lesion. The overlying cortical 
outline is the displaced floor of the maxillary 
sinus and this appearance is referred to as an 
‘antral halo’. This can be a useful diagnostic 
tool when examining a lesion in the region of 
the maxillary sinus.

Inflammatory mucosal thickening
It is important to differentiate the terms sinusitis 
from inflammatory mucosal thickening of the 
maxillary sinus. Sinusitis is a clinical diagnosis 
based on investigations and clinical history; the 
clinician should be confident to exclude other 
pathoses. Inflammatory mucosal thickening 
refers to the increased radiopacity overlying 
the sinus floor; it is a sign that could indicate 
sinusitis but is not exclusive to this condition 
– for example, inflammation of the sinus 
membrane can result in reactive hyperplasia.28,30 
The common cold, allergies, pollution, 
dust, asthma, neoplastic disease, disease of 
odontogenic origin (Fig. 12) and otolaryngeal 
infections are among the many conditions that 
can cause inflammatory mucosal thickening.15,31 
Unilateral or bilateral thickening of the mucosal 
lining have been reported as the most frequent 
incidental findings on computed tomography 
(CT) scans that include the maxillary sinus.28

Polyps
Polyps within the maxillary sinuses are known 
as antrochoanal polyps or Killian’s polyps and 
are the result of benign respiratory epithelial 
hypertrophy, which has a tendency to grow 
and track out of the ostium towards the 
nasopharynx. They are distinct from nasal 
polyps which emerge from ethmoidal cells.32 
Blockage of the ostium can produce classic 

Fig. 13  Left sectional panoramic radiograph demonstrating a benign mucous retention cyst within 
the left maxillary sinus. This homogenous radiodensity has a well-defined, smooth, dome-shaped 
superior surface (white arrows) and sessile relationship to the adjacent maxillary sinus wall. The 
lesion arises from within the maxillary sinus and, as such, is non-corticated

Fig. 14  An example of a squamous cell carcinoma causing bony destruction of the right maxillary 
sinus. Radiographically, there is loss of continuity of the floor of the maxillary sinus

Fig. 15  An example of a lymphoma causing destruction of the floor and part of the posterior wall 
of the left maxillary sinus
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communication etc) and enquire of any 
symptoms. This should be documented and 
a decision made regarding any referral that 
needs to be conducted, its recipient (for 
example, general medical practitioner, ENT 
surgeons, dental maxillofacial radiologist etc) 
and urgency.
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Fig. 16  Dental panoramic radiograph demonstrating aerated maxillary sinuses with intact cortical 
borders; antral floor (green arrows), posterior wall (red arrows), zygomatic buttress (yellow arrows), 
hard palate (white arrows) and pterygomaxillary fissure (blue arrows). The integrity of these 
cortical boundaries should be assessed as part of the methodical evaluation of all panoramic 
radiographs
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